(a) BMMs from WT or Sirt3 -/-mice were stimulated with RANKL for the indicated times. The cell lysates were subjected to immunoblot analysis using antibodies against phospho-ERK, phospho-p38, phospho-JNK, phosphor-AKT, and phospho-IκBα. Immunoblots were stripped and then reprobed with total ERK, p38, JNK, and AKT. Actin serves as a loading control. (b)
BMMs from WT or Sirt3 -/-mice were exposed to M-CSF for the indicated times. The cell lysates were subjected to immunoblot analysis as described for panel A. Tubulin served as a loading control. BMMs from WT or Sirt3 -/-mice were treated with RANKL for indicated days. The expression of Prkaa1 mRNA encoding AMPKα1 protein was measured using qRT-PCR. BMMs from WT or Sirt3 -/-mice were incubated with RANKL for 3 days and mitochondrial proteins were extracted. Mitochondrial lysates were subjected to immunoblot analysis using an anti-Acetyl-lysine antibody. VDAC1 serves as a loading control.
Supplementary Methods

Osteoblast differentiation.
Primary bone marrow-derived mesenchymal stromal cells (BMSCs) were isolated from 3 to 4-week-old C57BL/6 mice as described previously 1 . In brief, mice tibiae and femurs were cut into chips and digested with 0.1 % collagenase II (Sigma-Aldrich), then the bone chips were placed in cell culture dishes in α-MEM containing 10 % FBS, 100 units/ml penicillin, and 100 μg/ml streptomycin. 
Semi quantitative real time PCR.
BMMs were cultured with 30 ng/ml M-CSF with or without 100 ng/ml RANKL for the indicated time periods. Total RNA was extracted using TRIzol reagent (Invitrogen) according to the manufacturer's instructions. After denaturation of total RNA at 70 °C for 10 min, firststrand cDNA was synthesized with oligo (dT) primers and M-MLV reverse transcriptase (SolGent, Seoul, Korea). The relative mRNA levels were evaluated by quantitative RT-PCR (qRT-PCR) using SYBR Green Master kit (Kapa Biosystems, Woburn MA, USA). Reactions were performed in triplicate on ABI PRISM 7300 unit (Applied Biosystems, Carlsbad CA,
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USA). The relative expression levels were calculated using the comparative CT method (∆ΔCT) and values were normalized to actin levels as an internal control gene. Melting curve analysis was included to assure that only one PCR product was formed. The primer sequences are as follows: Sirt3, 5′-GCTGCTTCTGCGGCTCTATAC-3′ and 5′-GAAGGACCTTCGACAGACCGT-3′; Nfatc1, 5′-CCAGAAAATAACATGCGAGCC-3′ and 5′-GTGGGATGTGAACTCGGAAG-3′; Atp6v0d2, 5′-
CAGAGATGGAAGCTGTCAACATTG-3′ and 5′-TGCCAAATGAGTTCAGAGTG-3′;
Oscar, 5′-CGTTGAGCTGGCTGAGTTCT-3′ and 5′-TCTGGGGAGCTGATCCGTTA-3′;
Ppargc1b, 5′-CTCCAGGCAGGTTCAACCC-3′ and 5′-GGGCCAGAAGTTCCCTTAGG-3′;
Esrra, 5′-TTCGGCGACTGCAAGCTC-3′ and 5′-CACAGCCTCAGCATCTTCAATG-3′, and Prkaa1, 5′-CTACCTAGCAACCAGCCCAC-3′ and 5′-GCCATTTTGCCTTCCGTACA-3′.
Western blot analysis.
BMMs were cultured with 30 ng/ml M-CSF with or without100 ng/ml RANKL for the indicated time periods. Cells were then lysed in cell lysis buffer (50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 0.5 % sodium deoxycholate, 1 % Nonidet P-40, 1 mM EDTA, 10 % glycerol) supplemented with 1 mM phenylmethylsulfonyl fluoride, 1 μg/ml of leupeptin, aprotinin, and pepstatin A, 1 mM sodium orthovanadate and 1 mM NaF for 20 min on ice. The lysates were centrifuged at 14,000 x g for 20 min at 4 °C, and then total protein concentration was (disodium salt), and analyzed using a FACSCalibur (BD Biosciences, Heidelberg, Germany).
Detection of intracellular ROS.
Intracellular production of ROS was assayed as described 2 . In brief, 10 min after stimulation with 100 ng/ml RANKL, dishes of confluent cells were washed with α-MEM lacking phenol 
Mitochondria purification and Complex I/II activity assay.
Mitochondria from WT or Sirt3 -/-BMMs were isolated using Qproteome Mitochondria Isolation Kit (QIAGEN, Venlo, Netherlands) following manufacture's protocol. Isolated mitochondrial fraction was subjected to enzymatic analysis of mitochondrial complex I and II activity using Mitochondrial Complex I Activity Assay Kit (AAMT001-1KITCN; MERK,
